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1 . Statement 

Novelty (N) Claims 1-19 YES 

Claims NO 



Inventive step (IS) Claims 1-19 YES 

Claims NO 



Industrial applicability (IA) Claims 1-19 YES 

Claims NO 



2. Citations and explanations 

The invention relates to a stator winding in a rotating electrical 
machine and a rotating electrical machine with a magnetic circuit 
comprising a winding for high voltage. Said winding is provided with 
an insulation system comprising two semiconducting layers with solid 
insulation in-between. 

Documents cited in the International Search Report: 



(A) US A 5036165 

(B) DE A 2155371 

(C) DE A 3028777 

(D) GB A 2070470 

(E) GB A 2106721 

(F) WO A 9321681 

(G) US A 4307311 

(H) US A 4918347 

(I) Patent abstract of JP A 59-159642 



(A) describes a cable provided with two semiconducting layers with 
insulation there between. The semiconducting layers include pyrolized 
organic material and glass fibre. In this document it is suggested 
that the invented semiconducting layer can be applied to insulated 
conductors such as a winding in a dynamo-electric machine. 

(B-I) relates to general prior art. 

The claimed invention differs from the cited art in that the winding 
of the machine is provided with an insulation system comprising two 
semiconducting layers with solid insulation in-between. 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V 

Even though it is suggested in document A to apply a semiconducting 
layer to a winding in a dynamo-electric machine there is no specific 
indication of using the disclosed cable in a dynamo-electric 
machine. Further investigating US 4853565, incorporated by reference 
in document A, the skilled person will find it evident that the 
invented semiconducting layer is intended to be used on a 
conventional winding in a machine or in a cable. There is no 
proposal to use the cable with the insulating system as a winding in 
an electric machine. Nor can it be considered obvious to a person 
skilled in the art to use such a cable in a dynamo-electric machine 
since at the time of the invention it was not known to use a cable 
with solid insulation as a winding in an electrical machine and 
there is no teaching in the prior art as a whole that would lead the 
skilled person to ' the claimed invention. 

Accordingly, the invention claimed is novel and involves an 
inventive step. The invention is industrially applicable. 



5/19/1 



003369437 

WPI Acc No: 82-M7470E/198239 
HV winding anti- sparking layer for electrical machines - has 
semiconductor layer having number of electrical polarising contacts to 
windings (SZ 30.8.82) 

Patent Assignee: ELIN-UNION AG (ELIU ) 
Inventor: VONES K 

Number of Countries: 005 Number of Patents: 006 
Patent Family: 

Applicat No Kind Date Main IPC 



Patent No 
FR 2499306 
SE 8200303 
DE 3200366 
AT 8100415 
CH 657482 
SE 453236 



Kind Date 

A 19820806 

A 19820830 

A 19821209 

A" 19841115 

A 19860829 

B 19880118 



Week 
198239 
198237 
198250 
198450 
198638 
198805 



B 



Priority Applications (No Type Date) : AT 81415 A 19810130 
Patent Details: 

Patent Kind Lan Pg Filing Notes . Application Patent 
FR 2499306 A 7 



Abstract (Basic) : FR 2499306 A 

A layer of semiconductor (2), either deposited or in band form, 
surrounds an inner insulation layer (8) adjacent to the windings (6) . 
The semiconductor makes ohmic contact with a number of metal polarising 
terminals (3,4) which are electrically connected to the windings. 
Potential differences within the semiconductor layer between 
polarisation terminals are minimised. 

The ant i -sparking semiconductor layer is deposited directly on the 
network of polarising connections. The windings (5) are wrapped around 
insulating formers (6) and the whole unit has a thick outer layer of 
insulation (8) . Sparking at the cavities formed in the event of parts 
of insulation becoming detached from the winding is eliminated. 

1/1 

Title Terms: HV; WIND; ANTI ; SPARK; LAYER; ELECTRIC; MACHINE; SEMICONDUCTOR 

; LAYER; NUMBER; ELECTRIC; POLARISE; CONTACT; WIND 
Derwent Class: V02; V06; Xll; X12 

International Patent Class (Additional): H01F-015/04; H01F-027/36; 

H02K-003/40 
File Segment: EPI 

Manual Codes (EPI/S-X) : V02-G02B; V06-M08; X11-J02B; X12-C01 



DERWENT WPI (Dialog® File 35 1 ): (c) 1998 Derwent Info Ltd. All rights reserved. 



© 1998 The Dialog Corporation pic 



1 of I 



1 1/19/98 9: 16 AM 



ft 



PCT/SE97/00905 



PATENT COOPERATION TREATY 

From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 


To: 

United States Patent and Trademark 

Office 

(Box PCT) 

Crystal Plaza 2 

Wa<$hinaton DC 20231 

ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
29 January 1998 (29.01.98) 




International application No. 
PCT/SE97/00905 


Applicant's or agent's file reference 
P 97-250/St 


International filing date {day/month/year) 
27 May 1997 (27.05.97) 


Priority date (day/month/year) 
29 May 1996 (29.05.96) 


Applicant 

LEIJON, Mats et al 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 

29 December 1997 (29.12.97) 



| | in a notice effecting later election filed with the International Bureau on: 



2. The election j X | was 

| | was not 

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 




The International Bureau of WIPO 




34, chemin des Colombettes 


Celine Faust 




1211 Geneva 20, Switzerland 






Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 




Form PCT/1B/331 {July 1992) 




1862593 



PATENT COOPERATION TREATY 



PCT ; v- 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent' s file reference 
P 97-250/ST/PA 


irno inrPTTjriJ Af^TiriJsr See Notification of Transmittal of International 
r UK r UK i ntK 1 * w Preliminary Examination Report (Form PCT/TPEA/4 16) 


International application No. 
PCT/SE97/00905 


International filing date (day/monthly ear) 
27.05.1997 


Priority' date (day/month'year) 
29. 05. 1996 


International Patent Classification (IPC) or national classification and IPCe 
H02K 3/46, H02K 15/005 


Applicant 

ASEA BROWN BOVERI AB 


et al 





I . This international preliminary examination report has been prepared by this International Preliminary Exarnining 
Authority and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



( s7| This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 



(see Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT). 
These annexes consist of a total of 4 sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



I 


El 


n 


□ 


m 


□ 


rv 


□ 


V 


El 


VI 


□ 


vn 


□ 


Vffl 


□ 



citations and explanations supporting such statement 
Certain documents cited 



Date of submission of the demand 
29. 12 . 1997 


Date of completion of this report 
21.09.1998 


Name and mailing address of the EPEA/S E 

Patent- och registreringsverket Telex 
Box 5055 17978 
S-102 4 2 STOCKHOLM PATOREG-S 

Facsimile No. 08-667 72 88 


Authorized officer 

Hakan Sandh 

Telephone No, 08-7 82 25 00 



Form PCT/TPEA/409 (cover sheet) (January 1994) 




INTERNATIONAL PRELIMINARY EXAMINATION REPORT 


International application No. 
PCT/SE97/00905 


L Basis of the report 


1 This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office m response to an invitation 
under Article 14 are referred to in this report as "originally filed ' and are not annexed to the report since they do not contain amendments.). 


the international application as originally filed. 




| | the description, pages 1-7 


, as originally filed, 




pages 


, filed with the demand, 




pages 


, filed with the letter of 




pages 


, filed with the letter of 




^ the claims, Nos. 


, as originally filed, 




Nos. 


, as amended under Article 19, 


Nos. 


, filed with the demand, 




Nos. 1-19 


, filed with the letter of 


31.08.1998 


Nos. 


, filed with the letter of 




tn*» Hti»\ij , iti oc ^*.+~. /£Z ~ "1 o 
uic uiawuiga, ijflUUlU/Ilg J_ — O 


, as originally filed, 




sheets/fig 


, filed with the demand 




sheets/ fig 


, filed with the letter of 




sheets/fig 


, filed with the letter of 




2. The amendments have resulted in the cancellation of: 






| | the description, pages 






| | the claims, Nos. 






| | the drawings, sheets/fig 






3 - [""I ™ S re P° rt ^ been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2(c)). 


4. Additional observations, if necessary: 







Form PCT/IPEA/409 (Box I) (January 1994) 




I RECO#COPY 

PCT 



REQUEST 



The undersigned requests that the present 
international application be processed 
according to the Patent Cooperation Treaty. 



For receiving Office use only 



International Application No. 



PCI, SE 97/0 0905 
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The Svvadish Patent Office 
PCT international Application 



Name of receiving Office and "PCT International Application" 



Applicant's or agent's file reference 

(if desired) (12 characters maximum) P 97-250/St / 
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Box No. I TITLE OF INVENTION 
A DEVICE IN THE STATOR OF A ROTATING ELECTRIC MACHINE AND SUCH A MACHINE 



Box No. II APPLICANT 




applicant 

Asea Brown Boveri AB 

S-721 83 V ASTERAS 
Sweden 



[ [ This person is also inventor. 



Telephone No. 



Facsimile No. 



Teleprinter No. 



State (i.e. country) of nationality: 
SE 


State (Le. country) of re: 
SE 


sidence: 


Thisperson is applicant H ^Kffla U^»^ 


Box No III FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTORY) 
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Rant's StatefLe. country) of residence if no State of residence is indicated below.) 



The address 
Box is the applicant 

LEIJON, Mats 
Hyvlargatan 5 

S-723 35 V AS TER AS 
Sweden 



This person is: 

| | applicant only 

applicant and inventor 



□ inventor only (If this check-box 
is marked do not fill in below.) 



State (le. country) of nationality: 
SE 



State (Le. country) of residence: 

SE 



Further applicants and/or (further) inventors are indicated on a continuation sheet. 
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common representative 



Name and address: jgj^*^ 

L.A.GROTH & Co. KB 

STOLT, Lars C. et al. 
Box 6107 

S-102 32 STOCKHOLM 
Sweden 



ial designation. 



Telephone No. 
+46 - 8 



- 729 91 00 



Facsimile No. 

+46 - 8 



- 31 67 67 



Teleprinter No. 



Mark this check -box where no agent or common representative is/has been appointed and the space above is used instead to 
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State fte. country) of nationality: 
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sidence: 1 
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1 | the Supplemental Box 
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TEMPLIN, Peter 
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This person is: 
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State Cl€. country) of nationality: 
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[ | applicant only 

applicant and inventor 
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Regional Patent 

g3 AP ARJCPO Patent: KE Kenya, LS Lesotho, MW Malawi, SD Sudan, SZ Swaziland, UG Uganda, and any other State which 

is a Contracting State of the Harare Protocol and of the PCT 
(3 EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakstan, MD Republic of 

Moldova, RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State 

of the Eurasian Patent Convention and of the PCT 
0 EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, DE Germany, DK Denmark, 

ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland, IT Italy, LU Luxembourg, MC Monaco, 

NL Netherlands, PT Portugal, SE Sweden, and any other State which is a Contracting State of the European Patent 

Convention and of the PCT 

^ OA O API Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cdte d ' Ivoire, CM Cameroon, 
GA Gabon, GN Guinea, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any other State 
which is a member State of OAPI and a Contracting State of the PCT Of other kind of protection or treatment desired specify 
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National Patent (7/ other kind of protection or treatment desired specify on dotted line): 
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SP 
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AL Albania 

AM Armenia 

AT Austria 

Australia 

Azerbaijan 
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Bulgaria 

Brazil 
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Canada 

CH and LI Switzerland and Liechtenstein 

CN China 
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Estonia 

Spain 
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United Kingdom 
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Hungary 

Israel 

Iceland 

Japan 
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Democratic People*s Republic of Korea 



KR 
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LK 
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Sri Lanka 
Liberia 

Lesotho 
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LU Luxembourg 

LV Latvia 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 

MN Mongolia 

MW Malawi 

MX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 
SE Sweden 
SG Singapore 

SI Slovenia 

SK Slovakia 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 



UZ 
VN 



Uzbekistan 
Vict Nam . 



Check-boxes reserved for designating States (for the purposes of 
a national patent) which have become party to the PCT after 
issuance of this sheet: 



13 Y.U. .J.ugoslavaeji. 
(3 GH Ghana .CAP).. 

□ 

□ 



(fr ..1.99.7-02-01 ) 
(fr .1.997^02^26) 



In addition to the designations made above, the applicant also makes under Rule 4.9(b) all designations which would be permitted 

under the PCT except the designalion(s) of . . — . _ — ■ 

The applicant declares that those additional designations are subject to confirmation and that any designation which is not confirmed 
before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant at the expiration of that time 
limit. (Confirmation of a designation consists of the filing of a notice specifying that designation and the payment of the designation and confirmation 
fees. Confirmation must reach the receiving Office within the 1 5-month time limit) 
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Box No. VI PRIORITY CLAIM 



Further priority 



claims are indicated in the Supplemental Box | | 



The priority of the following earlier application(s) is hereby claimed 



Country 
(in which, or for which, the 
application was filed) 



item(l) 

Sweden 



item (2) 

S wodeh 
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Sweden 



Filing Date 
(day/month/year) 



29 Mav 
(29.05 



1 996 
1996) 
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03 February <997 
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Application No. 



9602079-7 



9602094-6 



9 700356-0 



Office of filing 
(only for regional or 
international application) 



Mark the following check-box if the certified copy of the earlier application 
application is the receiving Office (a fee may be required) ■ 



is to be issued by the Office which for the purposes of the present international 



k— tt The re c e ivine Office is hereby requested to prepare and transmit to the International / ~ -\ a 
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2. description 

3. claims 

4. abstract 

5. drawings 

Total 



7 sheets 
"° 3 sheets 

1 sheets 
\> 6 sheets 

-> 22 sheets 
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• | — I separate signed 
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a I — I priority documents) 
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Figure No. 
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ANORDNING I STATORN HOS EN ELEKTRISK MASKIN SAMT SAD AN MASKIN 

Foreliggande uppfinning hanfor sig till omradet for 
roterande elektriska maskiner, exempelvis synkronmaskiner , men 
aven dubbelmatade maskiner, t illampningar i asynkrona 
5 stromriktarkaskader , ytterpolmaskiner och synkronf lodes - 

maskiner, och ar avsedd att anvandas vid hoga spanningar, 
varmed har avses elektriska spanningar, som i forsta hand 
overstiger 10 kV. Ett typiskt arbetsomrade for en anordning 
enligt uppfinningen kan vara 3 6 - 80 0 kV. 

10 Uppfinningen avser en statorlindning i en roterande 

elektrisk maskin av i patentkravets 1 ingress angivet slag. 

Genom att i enligt uppfinningen maskinens statorlindning 
utgores av hogspanda isolerade elektriska ledare, i det 
foljande benamnda kablar, med fast isolation av likartat 

15 utforande som kablar for overforing av elkraft (exempelvis 

s.k. PEX-kablar) kan maskinens spanning hojas till sadana 
nivaer att den kan direktanslutas till kraftnatet utan 
mellanliggande transf ormator . Dessa spanningsnivaer, som 
uppgar till natets niva, kan vara av inom omradet 130-400 kV, 

20 och upp till 800 kV eller hogre. Darigenom kan 

upptransf ormatorn och en hogst romsbrytare elimineras, vilket 
ger en lagre total anlaggningskostnad . 

Det ar kant att t illverkningen av harvor for roterande 
maskiner kan ske till spanningsomradet 10 - 20 kV. 

2 5 Forsok att utveckla generatorn for hogre span-ningar an sa 

har dock pagatt sedan lange . Detta framgar bl.a. av 
"Electrical World", Oktober 15, 1932, sid. 524-525. Dar 
beskrivs hur en av Parson konstruerad generator 192 9 utfordes 
for 3 3 kV, och vidare beskrivs en generator i Langerbrugge i 

3 0 Belgien som gav en spanning pa 3 6 kV. Ehuru i artikeln aven 

spekuleras over mojligheten att ga vidare upp i 

spanningsnivaer avstannade dock utvecklingen av de ideer dessa 
generatorer byggde pa. Detta berodde framforallt pa 
tillkortakommanden med isolationssystemet , dar man utnyttjade 
35 lackimpregnerade lager av glimmerf olium och papper i flera 

separata skikt . 
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I en rapport fran Electric Power Research Institute, EPRI , 
EL-3391 fran april 1984 redovisas en genom-gang av generator- 
ideer for att astadkomma hogre spanning hos en elektrisk 
generator i syfte att kunna ansluta en sadan till ett kraftnat 
5 utan mellanliggande t ransf ormator . En sadan losning bedomdes 

av utredningen ge goda ef f ektivitet svinster och stora 
ekonomiska fordelar. Huvudanledningen till att man 1984 
bedomde det mojligt att borja aweckla generatorer for 
direktanslutning till kraftnat var att man da hade tagit fram 

10 en supraledande rotor. Den stora magnetiseringskapaciteten hos 

det supraledande faltet gor det mojligt att anvanda luft- 
gapslindning med tillracklig tjocklek for att sta emot de 
elektriska pakanningarna . 

Genom att kombinera den enligt projektet mest lovande iden 

15 att konstruera en magnetkrets med lindning, s.k. "monolithe 

cylinder armature", en ide dar tva cylindrar av ledare ar 
inneslutna i tre cylindrar av isolation och hela strukturen 
fastes vid en jarnkarna utan tander, gjordes bedomningen att 
en roterande elektrisk maskin for hogspanning skulle kunna 

2 0 direktanslutas till ett kraftnat. Losningen innebar att 

huvudisolationen maste goras tillrackligt tjock for att klara 
potentialer nat-mot-nat och nat-mot- jord. Uppenbara nackdelar 
med den foreslagna losningen ar att den, forutom en 
supraledande rotor, kraver en mycket tjock isolering, vilket 

2 5 okar maskinstorleken . Harvandarna maste isoleras och kylas med 

olja eller freoner for att styra de stora elektriska falten i 
andarna . Hela maskinen maste vara hermetiskt innesluten for 
att forhindra det flytande di - elekt rikum att ta upp fukt fran 
atmosf aren . 

30 Normalt utfores alia storre generatorer med tva- 

skiktslindning och lika stora harvor. Varje harva placeras med 
den ena sidan i det ena skiktet och den andra sidan i det 
andra skiktet. Detta innebar att samtliga harvor korsar 
varandra i harvandorna . I hogspanningsmaskiner ar de spar i 

35 statorn i vilka harvorna forlagges betydligt djupare med 

typiskt 10-12 eller upp till 18 och i vissa fall annu fler 



yi>. SE 97/0 0905 
2 7 -05- 1997 



lindningsskikt . Darigenom blir antalet harvandor stort med 
manga korsningar, vilket forsvarar lindningsarbetet och aven 
gor att harvandorna kan skjuta ut i luftgapet mellan statorn 
och rotorn. Ett annat problem ar en storre risk for notning 
5 som uppstar vid alia korsningspunkter mellan harvorna. 

Syftet med foreliggande uppfinning ar att losa detta 
problem med de stora harvandspaketen och minimera antalet 
korsningar mellan lindningsharvorna . Detta syfte har uppnatts 
genom att statorlindningen enligt uppfinningen erhallit de i 
10 patentkraven angivna kannetecknen. 

Uppfinningen ar i forsta hand tankt att anvandas vid och 
dess fordelar blir sarskilt framtradande med en 
hogspanningskabel av det slag som ar uppbyggd "av en karna med 
ett antal kardeler, ett karnan omslutande inre halvledande 
15 skikt, ett det inre halvledande skiktet omslutande isolerande 

skikt och ett det isolerande skiktet omslutande yttre halv-. 
ledande skikt. Speciellt avses en dylik kabel med en diameter 
i intervallet 20 - 200 mm och en ledningsarea i intervallet 80 
- 3000 mm 2 . Dylika applikat ioner av uppf in-ningen utgor 
20 salunda foredragna utf oringsf ormer av densamma. 

Uppfinningen beskrives nedan narmare med hanvisning till 
bifogade ritningar, pa vilka 

fig. 1 visar ett tvarsnitt genom en kabel, anvand vid 
uppfinningen, 

25 fig. 2 visar en del av den ena anden av en stator, fran 

vars andyta utskjuter en mangd harvandar, av vilka endast ett 
fatal har utritats, 

fig. 3 i ett radiellt snitt visar ena halvan av en 
vaxelstromsgenerator med en statorlindning enligt uppfin- 
3 0 ningen, 

£ig . 4 visar ett schema over lindningen enligt en 
utf oringsf orm av uppfinningen, 

fig. 5 visar ett schema over lindningen enligt en andra 
utf oringsf orm av uppfinningen, 
35 fig. 6 visar en sektor av en statorplat for en lindning 

enligt uppfinningen , 
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fig. 7 visar ett schema over lindningen enligt en tredje 
utf oringsf orm av uppf inningen och 

fig. 8 visar ett harvandspaket radiellt fran luftgapet med 
en lindning enligt uppf inningen . 

I fig. 1 visas en tvarsnittsvy av en kabel 101 anvand vid 
foreliggande uppf inning. Kabeln 101 innef attar en av ett antal 
kardeler bestaende ledare 102 med cirkulart tvarsnitt och av 
exempelvis koppar. Denna ledare 102 ar anordnad i mitten av 
kabeln 101. Runt ledaren 102 finns ett forsta halvledande 
skikt 103. Runt det forsta halvledande skiktet 103 finns ett 
isolationsskikt 104, t.ex. PEX- isolation . Runt 

isolationsskiktet 104 finns ett andra halv- ledande skikt 105. 
I detta fall innefattar kabeln saledes ej det yttre 
skyddsholje som normalt omger en dylik kabel vid 
kraf tdistribution . 

I fig. 3 ses i ett diametralt snitt ena halvan av en 
hogspanningsgenerator med en stator 106, en rotor 107 och 
daremellan ett luftgap 108. I fig. 2 ses statorns inre , mot 
luftgapet 108 vettande yta 109. Statorn 106 har inatriktade 
statortander 110, som mellan sig avgransar radiella spar 111 
for upptagande av lindningens kablar 101. Genom de djupa 
sparen 111, som i det visade exemplet har plats for tolv 
kablar i varsin utvidgning 112 i sparen 111, bildar lind- 
ningen ett stort antal lager. Har avses med lager av lind- 
ningen lager pa olika radiella avstand fran statorns centrum- 
axel. Med skikt daremot avses skikt av lindningen pa olika 
axiella avstand fran statorns andytor. 

Av fig. 2 framgar hur kabeln 101 bildar harvor 113, som 
stracker sig fram och tillbaka axiellt genom statorn 106 och 
utanfor statorns andytor 114 bildar bagformiga harvandar. 
En harva bestar saledes av ett varv av kabeln genom statorn. 
En harvgrupp omf attar lindningen for en fas . Den del av en 
harvgrupp som ligger i ett och samma lindningslager och vars 
harvandar ligger i olika skikt betecknas har harvgruppsdel . 

Till skillnad mot tidigare kanda flerskikts stator- 
lindningar ar harvorna 113 enligt uppfinningen sa anordnade 



St 97/0 0905 
2 7 -05- 199? 



att de inte korsar varandra inom samma harvgruppsdel. I fig. 2 
ses en gruppdel om i detta fall fyra harvor 113a, 113b, 113c 
och 113d sa anordnade att de ligger axiellt, den ena utanfor 
den andra och med vasentligen sammanf allande centra. Genom att 
5 harvan 113a har storre diameter an harvan 113b, som i sin tur 

har storre diameter an harvan 113c, som i sin tur har storre 
diameter an harvan 113d, korsar eller beror dessa harvor inte 
varandra. Detta innebar att det antal spar 111 som respektive 
harva overbryggar innan den skjuter ned i statorn igen 

10 varierar inom gruppdelen. Det vill saga att harvan 113d 

overbryggar minsta antalet spar och harvan 113a storsta 
antalet spar. 

Lindningen sker vidare sa, att kabeln i harvan vid 
overgang fran det forsta sparet i den ena riktningen till det 

15 andra sparet i motsatt riktning byter position i sparet till 

narmast utanf orliggande lindningslager . Det samma sker vid 
atergang till det forsta sparet. Da alia positioner i de tva 
sparen ar fyllda, bildar harvorna en formation, som paminner 
om en fran sidorna hoptryckt skruvlin j ef orm fran luftgapet 10 8 

20 mot statorryggen 115. Darefter overgar kabeln till narmast 

liggande spar for att bilda nasta harva, innanfor eller 
utanfor, i samma formation. 

I fig. 4 ses ett schema over hur lindningen av en kabel Ul 
sker. I fig. 3 har sparen 111 och positionerna i dessa 

25 numrerats pa motsvarande satt som i fig. 4. Till skill-nad mot 

exemplet i fig. 2 omf attar varje harvgruppsdel har tre i 
stallet for fyra harvor. Enligt fig. 4 utgar kabeln Ul fran 
position 1 i spar 3 for att i spar 9 ga in i position 2 och 
sedan vid tillbakagang till spar 3 ga in i position 3 och 

30 sedan i position 4 i spar 9 osv. Detta fortfar tills samtliga 

positioner i sparen 3 och 9 har upptagits, varvid de salunda 
bildade harvorna tillsammans bildar ovan namnda formation fran 
luftgapet 108 mot statorryggen 115. Som framgar, over-bryggar 
varje harvanda 9-3 = 6 spar. Lindningen fortsatter nu genom 

3 5 uppbyggnad av en storre utanf orliggande harva i varje varv i 

formationen, genom att kabeln ledes till position 1 i spar 2 
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och darifran till position 2 i spar 10 och tillbaka till 
position 3 i spar 2 osv. tills position 10 i spar 10 fyllts. 
Har overbryggar harvandorna 10-2 = 8 spar, vilket gor att 
dessa senare harvor kommer att ligga utanfor de tidigare 
5 harvorna med vasentligen sammanf allande centra. Den tredje 

harvan i denna gruppdel bildas genom att kabeln overgar till 
position 1 i spar 1 och darifran till position 2 i spar 11 och 
sedan till position 3 i spar 1 och position 4 i spar 11 osv. I 
detta fall overbryggar harvandorna 11-1 = 10 spar, och 
10 harvorna ar alltsa de storsta i gruppdelen och ligger ytterst 

i skruvlinjen. Den beskrivna harvgruppen bildar lindningen for 
en fas i generatorn. De ovriga faserna bildas pa likartat 
satt . 

I fig. 5 visas en andra utf oringsf orm av lindningen enligt 
15 uppf inningen . Till skillnad mot utf oringsf ormen enligt fig. 4 

lindas positionerna 1 och 2 klart i sparen 4 och 11, 
3 och 12 samt 1 och 14, innan man overgar till och fort-satter 
med positionerna 3 och 4 i samma spar, varpa man fort-satter 
med dessa fyra positioner i ytterligare spar. Schemat visar 

2 0 lindningarna av en fas i en tref aslindning med fyra harvor per 

spar och fyra spar per pol och fas . 

Antalet harvor i varje harvgruppsdel ar i de tva beskrivna 
lindningsvarianterna tre respektive fyra. Emeller-tid ar 
uppf inningen inte begransad till dessa antal , utan antalet kan 
25 vara alltifran tva till over tio. 

I fig. 6-8 visas en tredje utf oringsf orm av lind-ningen 
enligt uppf inningen . Som framgar av fig. 6 har posi- tionerna i 
sparen omkastats gentemot fig. 3-5 och ar num-rerade 
radiellt utifran och in. Som framgar av fig. 8 ar 

3 0 harvgruppsdelarna sa inbordes anordnade i omkretsled att 

varannan harvgruppsdel pa sin vag till ett radiellt yttre 
lager ligger radiellt innanfor nastfojande harvgruppsdel och 
varannan harvgruppsdel radiellt utanfor nastfoljande 
harvgruppsdel. Salunda gar harvgruppsdelarna 116 pa sin vag 
35 fran position 1 i fyra intilliggande spar 111 radiellt 

innanfor respektive nastfoljande harvgruppsdel 117 pa sin vag 
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mot position 2 i fyra spar 111 under overbryggande av sju 
spar, medan harvgruppsdelarna 117 gar radiellt utanfor 
respektive nastfoljande harvgruppsdel 116. Genom detta 
arrangemang nedbringas harvandspaketet s tillvaxt med inte 
mindre an 50% . 

I fig. 7 visas en utf oringsf orm av lindningen enligt 
uppf inningen, kallad trappad slinglindning . Schemat visar 
lindningen av en fas med kabeln Ul . Som framgar borjar kabeln 
Ul i position 1 i spar 4 for att darefter bilda en harvanda 
till position 2 i spar 11 och darefter bilda den innersta 
harvan i nasta harvandsgruppdel genom att ga over till 
position 3 i spar 4 och darefter till position 4 i spar 11 och 
sedan position 1 i spar 3 for att fortsatta till position 2 i 
spar 12 och sa vidare. Harigenom bildas tva 

harvandsgruppsdelar parallellt med vardera fyra harvor, varvid 
de fyra harvorna dverbryggar sju, nio, elva respektive tretton 
spar . 

I fig. 6 antydes dragningen av kabeln for tva 
harvgruppsdelar i positionerna 1 - 4 i sparen 1-4 och 
11 - 14. 

Genom statorlindningen enligt uppfinningen loses problemet 
med de stora harvandspaketen, som skulle bli alltfor 
komplicerade med stort antal korsningar, om man tillampade 
tidigare kand lindningsteknik i de angivna hog- 
spanningsmaskinerna . 

Forutom fordelen med den minskade radiella dimen-sionen pa 
harvandspaketen uppstar genom lindningen enligt uppfinningen 
aven halrum, som pa ett fordelaktigt satt kan utnyttjas for 
uppstagning av harvandspaketet. Under drift vibrerar namligen 
kablarna, och for att undvika notning mellan dessa kravs 
uppstagning av kablarna. Oberoende av om dylik 
uppstagningsanordning anvandes kan mellan kablarna i 
harvandspaketen anordnas en t ryckf ordelande och notnings- 
forhindrande hardbar massa. 
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PATENT KRAV 

1. Statorlindning i en roterande elektrisk maskin, vilken 
innefattar en stator (106) forsedd med radiella spar (111) for 

5 upptagande av en lindning, i lager pa olika radiella avstand 

fran luftgapet (108) mellan rotorn (107) och statorn (106) , 
kannetecknad av att lindningen ar uformad som en 
kabel varvid den del av en kabeln (101) som stracker sig fram 
och tillbaka en gang genom statorn (106) mellan olika lager 

10 bildar en harva (113) med en bagformig harvanda utskjutande 

fran var andyta (114) av statorn (106) , och att harvorna 
(113) ar uppdelade i harvgruppsdelar och att alia harvor (113) 
i samma harvgruppsdel ar anordnade axiellt den- ena utanfor den 
andra med vasentligen sammanf allande centra och med successivt 

15 storre diametrar, varvid det antal spar (111) som overbryggas 

av harvorna (113) successivt okar inom harvgruppsdelen . 

2. Statorlindning enligt patentkravet 1, kanne- 
tecknad av att harvorna (113) bildar en formation fran 
luftgapet (108) mot statorryggen (115), genom att kabeln (101) 

2 0 vid overgang fran det forsta sparet till det andra, liksom vid 

atergang till det forsta sparet, byter position till narmast 
utanf orliggande lager, tills ett antal positioner i sparet ar 
fyllda for att darefter overga till narmast liggande spar for 
att bilda harvor (113), som ligger innanfor eller utanfor 

2 5 kabeln (101) i de ovriga i harvgruppensdelen ingaende harvorna 

(113) i samma formation. 

3. Statorlindning enligt patentkravet 1, kanne- 
tecknad av att alia i en harvgruppsdel ingaende harvor 
(113) bildas i en foljd av kabeln (101), som forst darefter 

30 overgar till nastfoljande harvgruppsdel for dess bildande. 

4. Statorlindning enlig-t ndgot av patentkravet 1 - 3, k a n 
netecknad av att antalet harvor (113) i harvgrupps- 
delen ar tre. 

5 . Statorlindning enligt nagot av patentkravet 1 - 3 , 

35 kannetecknad av att antalet harvor (113) i harv- 

gruppsdelen ar f yra . 
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6. Statorlindning enligt patentkravet 1, k a n n e- 
tecknad av att harvgruppsdelarna (116, 117) ar sa 
inbordes anordnade i omkretsled att varannan harvgruppsdel 
(116) pa sin vag till ett radiellt yttre lager ligger radiellt 

5 innanfor nastfoljande harvgruppsdel (117) och varannan 

harvgruppsdel (117) radiellt utanfor nastfoljande 
harvgruppsdel (116) . 

7. Statorlindning enligt patentkravet 6, k a n n e- 
tecknad av att harvorna (113) bildas genom att kabeln 

10 (101) vid overgangen fran ett forsta spar till ett andra spar, 

liksom vid atergang till det forsta sparet, byter position 
till narmast intilliggande lager, for att darefter overga till 
narmast liggande spar och dar fylla motsvarande positioner, 
tills tva harvgruppsdelar bildats samtidigt mellan tillhopa 

15 fyra positioner i berorda spar, varpa kabeln (101) fortsatter 

pa detta satt tills dessa positioner fyllts i statorns (106) 
alia spar (111) . 

8. Statorlindning enligt nagot av patentkraven 1-7, 
kannetecknad aven tryckf ordelande och notnings- 

2 0 forhindrande hardbar massa mellan kablarna i harvandspaket en . 

9. Roterande elektrisk maskin, kannetecknad 
av att den ar forsedd med en statorlindning enligt nagot av 
patentkraven 1 - 8 . 

10. Roterande elektrisk maskin enligt patentkravet 9, 

25 kannetecknad av att lindningen innefattar en eller 

flera stromforande ledare (102), kring varje ledare ar 
anordnat ett forsta skikt (103) med halvledande egenskaper, 
kring det forsta skiktet (103) ar anordnat ett fast isolerande 
skikt (104) och kring det isolerande skiktet ar anordnat ett 

3 0 andra skikt (105) med halvledande egenskaper. 

11. Roterande elektrisk maskin enligt patentkravet 10, 
kannetecknad av att det forsta skiktet (103) ar pa 
i huvudsak samma potential som ledaren (102). 

12 . Roterande elektrisk maskin enligt patentkravet 10 eller 
35 11, kannetecknad av att det andra skiktet (105) ar 

anordnat pa sa satt att det utgor vasentligen en 
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ekvipotentialyta omslutande ledaren/ ledarna . 
13. Roterande elektrisk maskin enligt patentkravet 12, 
kannetecknad av att det andra skiktet (105) ar 
anslutet till en speciell potential. 
5 14. Roterande elektrisk maskin enligt patentkravet 13, 

kannetecknad av att den speciella potentialen ar 
j ordpotential . 

15. Roterande elektrisk maskin enligt nagot av patent-kraven 
10-14, kannetecknad av att minst tva av namnda 

10 skikt har i huvudsak samma varmeutvidgningskoef f icient . 

16. Roterande elektrisk maskin enligt nagot av patentkraven 
10-15, kannetecknad av att den stromforande 
ledaren (102) innef attar ett antal kardeler, varvid endast ett 
fatal av kardelerna ar oisolerade fran varandra. 

15 17. Roterande elektrisk maskin enligt nagot av patentkraven 

10-17, kannetecknad av att vartdera av namnda 
tre skikt ar fast forbundet med intilliggande skikt utmed 
vasentligen hela angransningsytan . 

18. Roterande elektrisk maskin med magnetkrets for hog 

2 0 spanning dar magnetkretsen innef attar en magnetisk karna och 

en lindning, kannetecknad av att lindningen bestar 
av en kabel som innefattar en eller flera stromforande ledare 
(102), varje ledare bestar av ett antal kardeler, kring varje 
ledare ar anordnat ett inre halvledande skikt (103), kring 

25 vilket ar anordnat ett isolerande skikt (104) av fast 

isolation, kring vilket ar anordnat ett yttre halvledande 
skikt (105) . 

19 . Roterande elektrisk maskin med magnetkrets for hog 
spanning enligt patentkravet 18, kannetecknad av 

30 att kabeln aven innefattar en metallskarm och en mantel. 
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S AM M AND RAG 

I statorlindningen i en roterande elektrisk maskin 
upptas lindningens i radiella spar (111) i statorn (106). 
Lindningen utgores enligt uppfinningen av en kabel vilken 
bildar lager pa olika radiella avstand fran luftgapet (108) 
mellan rotorn (107) och statorn (106). Den del av en kabeln 

(101) som stracker sig fram och tillbaka en gang genom statorn 
mellan olika lager bildar en harva (113) med en bagformig 
harvanda utskjutande fran var ande (114) av statorn (106). 
Harvorna (113) ar uppdelade i harvgruppsdelar . Alia harvor 

(113) i samma harvgruppsdel ar anordnade axiellt den ena 
utanfor den andra med vasentligligen sammanf allande centra och 
med successivt storre diametrar. Det antal spar (111) som 
overbryggas av harvorna okar successivt inom harvgruppsdelen. 



(Fig. 2) 
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(57) Abstract 



In the stator winding in 
a rotating electric machine the 
winding is situated in radial slots 
(1 1 1) in the stator (106). Accord- 
ing to the invention the wind- 
ing consists of a cable which 
forms layers at different radial 
distances from the air gap (108) 
between the rotor (107) and the 
stator (106). The part of the ca- 
ble (101) that passes to and fro 
once through the stator between 
different layers forms a coil (113) 
with an arc-shaped coil end pro- 
truding from each end surface 
(114) of the stator (106). The 
coils (113) are divided into coil 
group parts. All coils (113) in 
the same coil group part are ar- 
ranged axially, one outside the 
other with substantially coincid- 
ing centres and with successively 
increasing diameters. The num- 
ber of slots (111) that are bridged 
by the coils (113) successively 
increases within the coil group 
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A DEVICE IN THE STATOR OF A ROTATING ELECTRIC MACHINE AND 
SUCH A MACHINE 

The present invention relates to the area of rotating electric machines such as 
5 synchronous machines, and also dual-fed machines, applications in asynchronous 
static current converter cascades, outerpole machines and synchronous flow 
machines and is intended to be used at high voltages, by which is implied electric 
voltages in excess of 10 kV. A typical operating range for the machine according 
to the invention may be from 36 to 800 kV. 

10 

The invention relates to a stator winding in a rotating electric machine of the type 
defined in the preamble to claim 1 . 

Since the stator winding in the machine, according to the invention, consists of 
15 high-voltage insulated electric conductors, in the following termed cables, with 
permanent insulation similar to that used in cables for transmitting electric power 
(e.g. PEX cables), the voltage of the machine may be increased to such levels that 
it may be connected directly to the power network without an intermediate 
transformer. These voltage levels reaching the level of the power network may be 
20 in the range of 130-400 kV and up to 800 kV or higher. This enables the 
elimination of the step-up transformer and a high-current breaker, thereby 
enabling lower total plant cost. 

It is known to manufacture coils for rotating machines for a voltage range of 
25 10-20kV. 

However, attempts at developing a generator for voltages higher than this have 
been in progress for some time, as is evident from "Electrical World", October 15 
1932, pages 524-525, for instance. This describes how a generator designed by 

30 Parson 1929 was constructed for 33 kV. A generator in Langerbrugge, Belgium, 
is also described which produced a voltage of 36 kV. Although the article also 
speculates on the possibility of increasing the voltage levels, development of the 
concepts upon which these generators were based ceased. This was primarily due 
to deficiencies in the insulating system where several layers of varnish- 

35 impregnated mica foil and paper were used. 
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In A report from the Electric Power Research Institute, EPRL EL-3391, from 
April 1984 an exposition is given of the generator concept in which a higher 
voltage is achieved in an electric generator with the object of being able to connect 
such a generator to a power network without intermediate transformers. The 
5 report deems such a solution to offer satisfactory gains in efficiency and financial 
advantages. The main reason that in 1984 it was considered possible to start 
developing generators for direct connection to the power network was that by that 
time a superconducting rotor had been developed. The considerable excitation 
capacity of the superconducting field makes it possible to use air-gap windings 
1 0 with sufficient thickness to withstand the electric stresses. 

By combining the construction of an excitation circuit together with winding, a 
so-called "monolith cylinder armature", a concept in which two cylinders of 
conductors are enclosed in three cylinders of insulation and the whole structure is 

15 attached to an iron core without teeth, it was deemed that a rotating electric 
machine for high voltage could be directly connected to a power network. This 
solution implied that the main insulation had to be made sufficiently thick to 
withstand network-to-network and network-to-earth potentials. Besides it 
requiring a supraconducting rotor, an obvious drawback with the proposed 

20 solution is that it requires a very thick insulation, thus increasing the size of the 
machine. The coil ends must be insulated and cooled with oil or freones in order 
to direct the large electric fields into the ends. The whole machine is to be 
hermetically enclosed to prevent the liquid dielectric medium from absorbing 
moisture from the atmosphere. 



All large generators are normally designed with double-layer winding and coils of 
equal size. Each coil is placed with the one side in one layer and the other side in 
the other layer. This implies that all coils cross each other at the coil ends. In 
high-voltage machines the slots in which the coils are placed in the stator are 
30 considerably deeper and typically have 10-12 or up to 18, and in certain cases 
even more winding layers. The number of coil ends is therefore large with many 
intersections, which complicates the job of winding and may also cause the coil 
ends to protrude into the air gap between stator and rotor. Another problem is the 
increased risk of wear at all the intersection points between the coils. 



25 



35 
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The object of the present invention is to solve the problem of the large coil-end 
packages and minimize the number of intersections between the winding coils. 
This object is achieved by the stator winding, according to the invention, being 
given the features defined in the claims. 

5 

The invention is primarily intended for use with a high-voltage cable of the type 
constructed from a core having a number of strand parts, a semi -conducting layer 
surrounding the core, an insulating layer surrounding the inner semi-conducting 
layer and an outer semi-conducting layer surrounding the insulating layer, and its 
10 advantages will be particularly noticeable therewith. It relates particularly to such 
a cable having a diameter within the interval 20-200 mm and a conducting area 
within the interval 80-3000 mm 2 . Such applications of the invention thus 
constitute preferred embodiments thereof. 

15 The invention is described in more detail with reference to the accompanying 
drawings in which; 

Figure 1 shows a cross -section through a cable used for the invention, 

20 Figure 2 shows a part of one end of a stator having a plurality of coil ends 
protruding from its surface, only a few of which are included in the drawing, 

Figure 3 shows in radial section one half of an alternating current generator with a 
stator winding according to the invention, 

25 

Figure 4 is a schematic diagram of the winding according to one embodiment of 
the invention, 

Figure 5 is a schematic diagram of the winding according to a second embodiment 
30 of the invention. 

Figure 6 shows one sector of a stator lamination for a winding according to the 
invention, 

35 Figure 7 shows a schematic diagram of the winding according to a third 
embodiment of the invention, and 
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Figure 8 shows a coil-end package seen radially from the air gap, with a winding 
according to the invention. 

5 Figure 1 shows a cross-sectional view of a cable 101 used for the present 
invention. The cable 101 comprises a conductor 102 consisting of a number of 
strands of copper, for instance, and having circular cross section. This conductor 
102 is arranged in the middle of the cable 101. Around the conductor 102 is a first 
semi -conducting layer 103, and around the first semi-conducting layer 103 is an 
10 insulating layer 104, e.g. PEX insulation. Around the insulating layer 104 is a 
second semi-conducting layer 105. In this case, therefore, the cable does not 
include the outer protective sheath that normally surrounds such cables for power 
distribution. 

1 5 Figure 3 shows in a diametric section one half of a high-voltage generator with a 
stator 106, a rotor 107 and an air gap 108 between them. Figure 2 shows the inner 
surface 109 of the stator, facing the air gap 108. The stator 106 is provided with 
inwardly directed stator teeth 1 1 0 defining between them radial slots 111 to hold 
the cables 101 of the winding. The winding thus forms a large number of layers 

20 through the deep slots 111, which in the example shown have place for 12 cables 
in each enlargement 112. "Layer of the winding" in this context refers to layers at 
different radial distances from the central axis of the stator. "Stratum"' on the 
other hand refers to strata of the winding at different axial distances from the end 
surfaces of the stator. 

25 

It is clear from Figure 2 how the cable 101 forms coils 1 13 which pass axially to 
and fro through the stator 106 and form arc-shaped coil ends outside the end 
surfaces 1 14 of the stator, A coil thus consists of one turn of the cable through the 
stator. A coil group comprises the winding for one phase. The part of a coil group 
30 situated in one and the same winding layer, and the coil ends of which are situated 
in different strata is here designated " coil group part" . 

Contrary to previously known multi-strata stator windings the coils 1 13 according 
to the invention are arranged such that they do not cross each other within the 
35 same coil group part. Figure 2 shows a group part comprising, in this case, four 
coils 113a, 113b, 113c and 113d situated axially, one outside the other and with 
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substantially coinciding centres. Since the coil 113a has a larger diameter than 
coil 1 13b, which in turn has a larger diameter than coil 1 13c, which in turn has a 
larger diameter than coil 1 13d, these coils do not cross or touch each other. This 
implies that the number of slots 1 1 1 that each coil bridges before entering the 
5 stator again varies within the group part. The coil 1 13d thus bridges the least 
number of slots and the coil 1 1 3a the largest number of slots. 

Winding is also performed so that, upon passage from the first slot in one direction 
to the second slot in the opposite direction, the cable in the coil changes position 

10 in the slot to the nearest winding layer outside it. The same thing occurs when it 
returns to the first slot. When all positions in the two slots have been filled, the 
coils produce a formation reminiscent of a spiral compressed from the sides, 
stretching from the air gap 108 to the stator yoke 115. The cable then passes to 
the next adjacent slot to form the next coil, inside or outside, in the same 

1 5 formation. 

Figure 4 is a schematic diagram showing how the winding of a cable Ul is 
performed. In Figure 3 the slots 1 1 1 and positions therein have been numbered in 
corresponding manner to Figure 4. Contrary to the example in Figure 2, each coil 

20 group part comprises three instead of four coils. According to Figure 4 the cable 
Ul starts from position 1 in slot 3, changes to position 2 when it reaches slot 9, 
then to position 3 when it passes back to slot 3 and to position 4 in slot 9, and so 
on. This continues until all positions in slots 3 and 9 have been filled, whereupon 
the coils produced in this way together form the above-mentioned formation from 

25 the air gap 1 08 to the stator yoke 115. As is clear, each coil end bridges 9-3 = 6 
slots. Winding is continued with the construction of a larger external coil in 
each turn in the formation, through the cable being conducted to position 1 in slot 
2, thence to position 2 in slot 10 and back to position 3 in slot 2, and so on until 
position 10 in slot 10 has been filled. The coil ends here bridge 10-2 = 8 slots 

30 and the later coils will therefore be situated outside the earlier coils with 
substantially coinciding centres. The third coil in this group part is formed by the 
cable passing to position 1 in slot 1, from there to position 2 in slot 1 1 and then to 
position 3 in slot 1 and position 4 in slot 1 1 , and so on. In this case the coil ends 
bridge 11-1 = 10 slots and the coils are therefore the largest in the group part and 

35 are situated outermost in the spiral. The coil group described forms the winding 
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for one phase in the generator. The other phases are constructed in similar 
manner. 

Figure 5 shows a second embodiment of the winding according to the invention. 
5 Contrary to the embodiment according to Figure 4, the positions 1 and 2 are 
completely wound in slots 4 and 11, 3 and 12 and 1 and 14, before winding is 
continued with positions 3 and 4 in the same slots. Winding of these four 
positions then continues in additional slots. The diagram shows the windings of 
one phase in a three-phase winding with four coils per slot and four slots per pole 
10 and phase. 

In the two winding variants described, the number of coils in each coil group part 
is three and four, respectively. However, the invention is not limited to this, and 
the number may be anything from two to over ten. 

15 

Figures 6-8 show a third embodiment of the winding according to the invention. 
As can be seen in Figure 6, the positions in the slots have been reversed from 
those in Figures 3-5 and are numbered radially inwards from the outside. As can 
be seen in Figure 8, the coil group parts are arranged in relation to each other in 

20 peripheral direction such that alternate coil group parts on the way to a layer 
situated radially further out lie radially inside the next following coil group part 
and alternate group parts lie radially outside the next following coil group part. 
Thus, on their way from position 1 in four adjacent slots 111, the coil group parts 
1 16 run radially inside respective adjacent coil groups 1 17 on their way towards 

25 position 2 in four slots 1 1 1 bridging seven slots, whereas the coil group parts 1 17 
run radially outside respective adjacently coil group parts 1 16. This arrangement 
reduces the growth of the coil end package by no less than 50%. 

Figure 7 shows an embodiment of the winding ,according to the invention, known 
30 as stepped lap winding. The diagram shows the winding of one phase with the 
cable Ul. As is clear, the cable Ul starts from position 1 in slot 4, forms a coil 
end to position 2 in slot 1 1 and then forms the innermost coil in the next coil end 
group part by passing to position 3 in slot 4, then to position 4 in slot 1 1 , then to 
position 1 in slot 3, continuing to position 2 in slot 12, and so on. Two coil end 
35 group parts are thus formed in parallel, having four coils each, the four coils 
bridging seven, nine , eleven and thirteen slots, respectively. 
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Figure 6 indicates the drawing of the cable for two coil group parts in the positions 
1 - 4 in slots 1 - 4 and 11-14. 

5 The stator winding according to the invention solves the problem of the large coil 
end package which, if previously known winding technology were used in the 
high-voltage machines under discussion, would be far too complicated, with a 
large number of intersections. 

10 Besides the advantage of the reduced radial dimension of the coil end package, the 
winding according to the invention also provides a cavity which can be 
beneficially used to hold the coil end package. The cables vibrate during 
operation, and in order to avoid wear between them they must be reinforced. 
Regardless of whether such an arrangement is used, a pressure-distributing and 

15 wear-preventing curable compound can be used between the cables in the coil. 
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CLAIMS 

1. A stator winding in a rotating electric machine comprising a stator 
(106) provided with radial slots (111) to hold a winding, in layers at different 

5 radial distances from the air gap (108) between the rotor (107) and the stator 
(106), characterized in that the winding is in the form of a cable 
wherein the part of the cable (101) that passes to and fro once through the stator 
(106) between different layers forms a coil (113) with an arc-shaped coil end 
protruding from each end surface (114) of the stator (106), and in that the coils 
10 (113) are divided into coil group parts and that all coils (113) in the same coil 
group part are arranged axially, one outside the other with substantially coinciding 
centres and with successively increasing diameters, the number of slots (111) that 
are bridged by the coils (1 13) successively increasing within the coil group part, 

15 

2. A stator winding as claimed in claim 1, characterized in 
that the coils (113) produce a formation from the air gap (108) towards the 
stator yoke (115) since, on passing from the first slot to the second, and also upon 
returning to the first slot, the cable (101) changes position to the next layer 

20 immediately outside until a number of positions in the slot have been filled and 
then passes to the nearest adjacent slot to form coils (1 13) that lie inside or outside 
the cable (101) in the other coils (113) included in the coil group part in the same 
formation. 

25 3. A stator winding as claimed in claim 1, characterized in 

that all coils (113) in a coil group part are formed in sequence from the cable 
(101), the cable only subsequently passing to the next coil group part to produce 
the latter. 

30 4. A stator winding as claimed in any of claims 1-3, 

characterized in that the number of coils (1 1 3) in the coil group part 
is three. 

5. A stator winding as claimed in any of claims 1-3, 

35 characterized in that the number of coils (1 13) in the coil group parts 
is four. 
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6. 



A stator winding as claimed in claim 1, characterized in 



that the coil group parts (116, 117) are arranged in relation to each other in 
peripheral direction such that alternate coil group parts (116) on their way to a 
5 radial outer layer are situated radially inside the next following coil group part 
(117) and alternate coil group parts (117) are situated radially outside the next 
following coil group part (116). 

7. A stator winding as claimed claim 6, characterized in 
10 that the coils (1 13) are formed by the cable (101) on passing from a first slot to 

a second slot, and also upon returning to the first slot, changing position to the 
next adjacent layer, and thereafter passing to the nearest adjacent slot and there 
filling corresponding positions, until two coil group parts have been formed 
simultaneously between altogether four positions in the relevant slots, whereupon 
15 the cable (101) continues in this way until these positions have been filled in all 
slots (1 1 1) of the stator (106). 

8. A stator winding as claimed in any of claims 1-7, 
characterized in that a pressure-distributing and wear-preventing 

20 curable compound is provided between the cables in the coil end package. 

9. A rotating electric machine, characterized in that it is 
provided with a stator winding as claimed in any of claims 1-8. 

25 10. A rotating electric machine as claimed in claim 9, 

characterized in that the winding comprises one or more current- 
carrying conductors (102), wherein a first layer (103) having semi-conducting 
properties is arranged around each conductor, a permanently insulating layer (104) 
is arranged around the first layer (103), and a second layer (105) having semi- 

30 conducting properties is arranged around the insulating layer. 

11. A rotating electric machine as claimed in claim 10, 

characterized in that the first layer (103) is at substantially the same 
potential as the conductor (102). 



35 
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12. A rotating electric machine as claimed in claim 10 or claim 11, 
characterized in that the second layer (105) is arranged in such a 
manner that it constitutes substantially an equipotential surface surrounding the 
conductor(s). 

5 

13. A rotating electric machine as claimed in claim 12, 
characterized in that the second layer (105) is connected to a special 
potential. 

10 14. A rotating electric machine as claimed in claim 13, 

characterized in that the special potential is earth potential. 

15. A machine as claimed in any of claims 10-14, characterized 
in that at least two of said layers have substantially the same coefficient of 

1 5 thermal expansion. 

16. A rotating electric machine as claimed in any of claims 10-15, 
characterized in that the current-carrying conductor (1 02) comprises 
a number of strand parts, only a few of the strand parts not being insulated from 

20 each other. 



17. A rotating electric machine as claimed in any of claims 10-16, 
characterized in that each of said three layers is permanently 
connected to adjacent layers along essentially its entire continuous surface. 

25 

18. A rotating electric machine with a magnetic circuit for high voltage 
wherein the magnetic circuit comprises a magnetic core and a winding, 
characterized in that the winding consists of a cable comprising one 
or more current-carrying conductors (102), each conductor consisting of a number 

30 of strand parts, an inner semi-conducting layer (103) being arranged around each 
conductor, an insulating layer (104) of permanent insulation being arranged 
around the semi-conducting layer (103), and a semiconducting layer (105) being 
arranged around the insulating layer. 
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19. A rotating electric machine with magnetic circuit for high voltage as 

claimed in claim 18, characterized in that the cable is also provided 
with metal screening and a sheath. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 


International application No. 
PCT/SE97/00905 


V. Resoned statement under Article 35(2) with regard to novelty, inventive itep or industrial applicability; 
citations and explanations supporting such statement 


1. Statement 




Novelty (N) Claims 1-19 


YES 


Claims 


NO 


Inventive step (IS) Claims 1-19 


YES 


Claims 


NO 


Industrial applicability (IA) Claims 1-19 


YES 


Claims 


NO 




2. Citations and explanations 




The invention relates to a stator winding in a rotating electrical 


machine and a rotating electrical machine with a magnetic circuit 


comprising a winding for high voltage. Said winding is provided with 


an insulation system comprising two semiconducting layers with solid 


insulation in-between. 




Documents cited in the International Search Report: 


(A) US A 5036165 




(B) DE A 2155371 




(C) DE A 3028777 




(D) GB A 2070470 




(E) GB A 2106721 




(F) WO A 9321681 




(G) US A 4307311 




(H) US A 4918347 




(I) Patent abstract of JP A 59-159642 




(A) describes a cable provided with two semiconducting layers with 


insulation there between. The semiconducting layers include pyrolized 


organic material and glass fibre. In this document it is suggested 


that the invented semiconducting layer can be applied to insulated 


conductors such as a winding in a dynamo-electric machine. 


(B-I) relates to general prior art. 




The claimed invention differs from the cited 


art in that the winding 


of the machine is provided with an insulation system comprising two 


semiconducting layers with solid insulation in-between. 




• . . / . • . 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: V 

Even though it is suggested in document A to apply a semiconducting 
layer to a winding in a dynamo-electric machine there is no specific 
indication of using the disclosed cable in a dynamo-electric 
machine • Further investigating US 4853565, incorporated by reference 
in document A, the skilled person will find it evident that the 
invented semiconducting layer is intended to be used on a 
conventional winding in a machine or in a cable. There is no 
proposal to use the cable with the insulating system as a winding in 
an electric machine- Nor can it be considered obvious to a person 
skilled in the art to use such a cable in a dynamo-electric machine 
since at the time of the invention it was not known to use a cable 
with solid insulation as a winding in an electrical machine and 
there is no teaching in the prior art as a whole that would lead the 
skilled person to the claimed invention. 

Accordingly, the invention claimed is novel and involves an 
inventive step. The invention is industrially applicable. 
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